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(57) Abstract: With reference to Figure 1, the present invention relates to an internal combustion engine comprising: a combustion 
chamber (10); first (A) and second (B) inlet valves controlling flow of air into the combustion chamber; first (C) and second (D) 
exhaust valves; and first (16) and second (18) turbochargers. The first turbocharger (16) is connected to the first inlet valve (A) and 
the second turbocharger (18) is connected to the second inlet valve (B). The first turbocharger (16) is connected to the first exhaust 
valve (C) and receives only combusted gases expelled via the first exhaust valve (C). The second turbocharger (18) is connected to 
the second exhaust valve (D) and all combusted gases expelled via the second exhaust valve flow to the second turbocharger (18) 
without passing through the first turbo-charger (16). The first inlet valve (A) and first exhaust valve (C) are controlled independently 
from the second inlet valve (B) and the second exhaust valve (D) to provide variation in the ratio of the mass of charge air supplied 
to the combustion chamber (10) via the first inlet valve (A) to the mass of charge air supplied to the combustion chamber (10) via 
the second inlet valve (B). 
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A TURBO-CHARGED INTERNAL COMBUSTION ENGINE 

The present invention relates to a turbo- charged 
internal combustion engine. 

It is a technical problem to provide a turbo-charged 
engine which makes effective use of turbo- charging over a 
large range of engine speeds and loads. It is desirable to 
provide an engine with a simple way of controlling the 
amount of turbo- charged air delivered to a combustion 
chamber and also the degree of swirl and/or tumble motion 
imparted to the air on delivery. 

The present invention provides an internal combustion 
engine comprising: 

a combustion chamber 

first and second inlet valves controlling flow of air 
into the combustion chamber; 

first and second exhaust valves controlling flow of 
combusted gases out of the combustion chamber; and 

first and second turbo-chargers; wherein: 

the first turbo-charger is connected to the first inlet 
valve and the second turbo- charger is connected to the 
second inlet valve; 

charge air supplied to the combustion chamber via the 
first inlet valve is pressurised only by first turbo- 
charger; 

charge air supplied to the combustion chamber via the 
second inlet valve is pressurised only by the second turbo- 
charger ; 

the first turbo-charger is connected to the first 
exhaust valve and receives only combusted gases expelled via 
the first exhaust valve; 
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the second turbo-charger is connected to the second 
exhaust valve and all combusted gases expelled via the 
second exhaust valve flow to the second turbo -charger 
without passing through the first turbo-charger; and 

valve operating means controls operation of the first 
inlet valve and first exhaust valve independently from the 
operation of the second inlet valve and second exhaust valve 
thereby providing variation in the ratio of the mass of 
charge air supplied to the combustion chamber via the first 
inlet valve to the mass of charge air supplied to the 
combustion chamber via the second inlet valve*. 

Preferred embodiments of the present invention will now 
be described with reference to the accompanying drawings in 
which: 

Figure 1 is a schematic illustration of a first 
embodiment of a turbo-charged internal combustion engine 
according to the present invention; and 

Figure 2 is a schematic illustration of a second 
embodiment of a turbo-charged internal combustion engine 
according to the present invention. 

In figure 1 there can be seen a single cylinder engine 
with a cylinder 10 having two inlet valves 11,12 and two 
exhaust valves 13,14. Each of the inlet valves 11,12 and 
exhaust valves 13,14 is operated by a valve operating 
mechanism which allows the respective valve to be 
deactivated. 

The valve operating mechanism could be a cam profile 
switching mechanism, perhaps operated in conjunction with a 
cam phasing mechanism. Alternatively (and preferably) the 
valve operating mechanism comprises an actuator (e.g. an 
electrically-controlled hydraulic actuator) for each valve. 
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An exhaust duct 15 connects the exhaust valve 13 to a 
first turbo-charger 16. All exhaust, gases flowing through 
the exhaust duct 15 must flow through the turbo-charger 16, 
after which they then flow through an exhaust duct 17 which 
leads gases from an outlet of first turbo-charger 16 to an 
inlet of a second turbo -charger 18. An exhaust duct 19 
connects the exhaust valve 14 directly to the turbo- charger 
18, bypassing the turbo-charger 16 altogether. All gases 
flowing through the turbo-charger 18 are directed through an 
exhaust passage 2 0 and a catalytic converter 21 to 
atmosphere. The turbo-charger 18 is a low pressure turbo- 
charger and the turbo-charger 16 is a high pressure turbo- 
charger . 

Inlet air pressurised by the turbo-charger 18 is 
supplied to the inlet valve 12 by an inlet duct 22, passing 
through an intercooler 23 on the way. Inlet air pressurised 
by the turbo-charger 16 is supplied to the inlet valve 11 by 
an inlet duct 24, passing through an intercooler 25 on the 
way. The air supplied to the inlet valve 11 is completely 
independent of the air supplied to the inlet valve 12; the 
inlet valve 11 is supplied only with air pressurised by the 
turbo- charger 18 and the inlet valve 12 is supplied only 
with air pressurised by the turbo-charger 16. 

The engine of Figure 1 is a diesel engine and for this 
reason the inlet port which is opened and closed by valve 12 
is designed to impart a high degree of swirl motion to air 
flowing therethrough. The port opened and closed by valve 
11 is not a "high swirl" port and instead is designed to 
allow relatively unimpeded flow of charge air therethrough. 

At low engine speeds or loads the valve operating 
mechanism will deactivate the inlet valve 11 and the exhaust 
valve 13 and operate only the inlet, valve 12 and exhaust 
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valve 14. Thus no exhaust gases flow through the turbo- 
charger 16, which remains inoperative. The low pressure 
turbo-charger 18 is driven by exhaust gas flowing past the 
exhaust valve 14 and through exhaust duct 19. The turbo- 
charger compresses air which is fed along the inlet duct 22 
through the intercooler 23 and allowed- into the combustion 
chamber 10 via the inlet valve 12 with the inlet port giving 
a high degree of swirl to the charge air as it enters the 
cylinder 10, where it is compressed and diesel fuel is 
injected and the machine ignited by compression ignition . 

At high engine speeds and loads the valve operating 
mechanism will operate both inlet valves 11,12 and both 
exhaust valves 13,14. Thus exhaust gases will be supplied 
to both turbo -chargers 16,18 which are driven to compress 
charge air which is then supplied to the combustion chamber 
10 via both inlet valves 11,12. The combusted gases leaving 
the turbo -charger 16 are supplied to the turbo -charger 18 to 
assist in the driving of the turbo-charger 18. Operation of 
the exhaust valves 13,14 and the inlet valves 11,12 
preferably can be controlled by an engine management system 
to vary for different engine operating conditions (e.g. 
engine speed, load, t.emperature during acceleration, during 
deceleration) what percentage of the total charge air 
supplied to the cylinder 10 is supplied via the inlet valve 
10 and what percentage is supplied via the inlet valve 12. 

In Figure 2 there can be seen a single cylinder engine 
with a cylinder 30 having two inlet valves 31,32 and two 
exhaust valves 33,34. Each of the valves is operated by a 
valve generating mechanism which allows the respective valve 
to be deactivated, e.g. by a cam profile switching mechanism 
(perhaps in combination with a cam phasing mechanism) or an 
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actuator (perhaps an electro-hydraulic actuator) for each 
valve . 

An exhaust duct 35 connects the exhaust valve 33 to a 
first turbo-charger 36. All exhaust gases flowing through 
the exhaust duct 35 pass through the turbo -charger 36 and 
the via a catalytic converter 3 7 to atmosphere. An exhaust 
duct 38 connects the exhaust valve 3.4 to a second turbo- 
charger 39. All exhaust gases flowing through the exhaust 
duct 38 pass through the turbo- charger 3 9 and then via the 
catalytic converter 37 to atmosphere. Thus the flow of 
exhaust gases through the exhaust duct 35 and turbo- charger 
36 is kept separate from the flow of exhaust gas through the 
exhaust duct 38 and turbo-charger 39; the exhaust gases mix 
only at the catalytic converter 37. 

Air drawn in by the turbo-charger 36 is pressurised and 
then relayed to the inlet valve 31 via an intercooler 40. 
Air drawn in by the turbo-charger 39 is pressurised . and then 
relayed to the inlet valve 32 via an intercooler 41. 

The Figure 2 engine can be operated so that only the 
inlet valve 31, exhaust valve 33 and turbo-charger 36 are 
functional or so that only the inlet valve 32, exhaust valve 
34 and turbo-charger 39 are functional. The Figure 2 engine 
can also be operated so that all the valves and both turbo- 
chargers are active; preferably the control of valve 
operation will enable control of what proportion of the 
charge air supplied to the cylinder 30 is supplied via the 
inlet valve 31 and what proportion is supplied via the inlet 
valve 32. 

Preferably the inlet ports surrounding the inlet valves 
31,32 are configured to give different flow characteristics 
to charge air passing therethrough, e.g. one could be high 
swirl port and the other a high tumble or a filling port. 
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The turbo -chargers 36, 39 could be identical, but 
would. preferably be different aerodynamical ly, with, e.g. 
one producing charged air at a higher pressure than the 
other . 

5 Comparing the Figure 1 engine with the Figure 2 engine, 

the Figure 1 engine could be said to have turbo- chargers 
arranged with sequential turbines and parallel compressors, 
while the Figure 2 engine has turbo-chargers arranged with 
parallel turbines and parallel compressors. 

10 Whilst above the engines have been described as diesel 

engines, the engines could equally well be gasoline engines. 

The use of two turbo -chargers of different 
characteristics can enable operation of the engines without 
waste gates for the turbo -chargers, which improves 

15 efficiency. 

A high pressure turbo-charger typically has a smaller 
rotor than the high pressure turbo-charger ' and can be spun 
up to speed quickly, but it does offer higher impedance to 
flow of exhaust gases than the low pressure turbo -charger. 

2 0 The high pressure turbo-charger could be switched in during 

acceleration of the engine and switched out for steady- state 
operation of the engine. The high pressure turbo-charger 
• will give the fast response desirable for acceleration 
whilst a low pressure turbo-charger will give the lower flow 
25 impedance desirable for steady state operation. 

With the use of electro-hydraulic actuators it is 
possible to control mass flow through the engine by opening 
and closing the inlet valves (or at least the one operated 
inlet valve) by different amounts of lift and duration in 

3 0 different intake strokes of the engine. 

For reasons of simplicity the invention has been 
described with reference only to single cylinder engines, 
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but it will be understood that the invention could be 
applied to mult i -cylinder engines, in which case each 
cylinder would have one exhaust valve and one inlet valve 
connected to a first turbo-charger and a second exhaust 
valve and second inlet valve connected to a second turbo- 
charger . 
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CLAIMS 

1. An internal combustion engine comprising: 
a combustion chamber; 
5 first and second inlet valves controlling flow of air 

into the combustion chambers- 
first and second exhaust valves controlling flow of 
combusted gases out of the combustion chamber; and 
first and second turbo-chargers; wherein: 
10 the first turbo-charger is connected to the first inlet 

valve and the second turbo-charger is connected to the 
second inlet valve; 

charge air supplied to the combustion chamber via the 
first inlet valve is pressurised only by first turbo- 
15 charger; 

charge air supplied to the combustion chamber via the 
second inlet valve is pressurised only by the second turbo- 
charger; 

the first turbo-charger is connected to the first 
20 exhaust valve and receives only combusted gases expelled via 
the first exhaust valve; 

the second turbo-charger is connected to the second 
exhaust valve and all combusted gases expelled via the 
second exhaust valve flow to the second turbo- charger 
25 without passing through the first turbo -charger; and 

valve operating means controls operation of the first 
inlet valve and first exhaust valve independently from the 
operation of the second inlet valve and second exhaust valve 
thereby providing variation in the ratio of the mass of 
30. charge air supplied to the combustion chamber via the first 
inlet valve to the mass of charge air supplied to the 
combustion chamber via the second inlet valve. 
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2 . An internal combustion engine as claimed in claim 1 
wherein the valve operating means can deactivate the second 
inlet valve and the second exhaust valve whereby all charge 
air supplied to the combustion chamber is pressurised by the 
first turbo-charger and delivered. via the first inlet valve. 

3. An internal combustion engine as claimed in claim 2 
wherein the valve operating means can operate simultaneously 
the first and second inlet valves and the first and second 
exhaust valves whereby charge air supplied to the combustion 
chamber is pressurised by both of the first and second 
turbo -chargers and delivered via both the first and second 
inlet valves. 

4 . An internal combustion engine as claimed in any one of 
claims 1 to 3 wherein combusted gases leaving the first 
turbo-charger are relayed to the second turbo-charger and 
drive the second turbo-charger jointly with the combusted 
gases supplied via the second exhaust valve. 

5. An internal combustion engine as claimed in any one of 
claims 1 to 3 wherein combusted gases leaving each of the 
first and second turbo- chargers are relayed to exhaust 
without passing through the other turbo- charger . 

6. An internal combustion engine as claimed in claim 5 
wherein the valve operating means can deactivate the second 
inlet valve and the second exhaust valve whereby all charge 
air supplied to the combustion chamber is pressurised by the 
second turbo- charger and delivered via the second inlet 
valve . 


wo 2005/068802 


PCT/GB2005/000117 


- 10 - 

7. An internal combustion engine as claimed in any one of 
the preceding claims wherein the first inlet valve is 
associated with a first inlet port which imparts to charge 
air flowing therethrough a flow characteristic different to 
a flow characteristic imparted to charge air flowing through 
a second inlet port associated with the second inlet valve. 

8. An internal combustion engine as claimed in claim 7 
wherein the first inlet port imparts to the charge air 
flowing therethrough a degree of swirl greater than the 
degree of swirl imparted to charge air flowing through the 
second inlet port. 

9. An internal combustion engine as claimed in any one of 
the preceding claims comprising a first intercooler for 
cooling air pressurised by the first turbo- charger before 
the air flows into the combustion chamber via the first 
inlet valve and a second intercooler for cooling air 
pressurised by the second turbo-charger before the air flows, 
into the combustion chamber via the second inlet valve. 

10. An internal combustion engine as claimed in any one of 
the preceding claims wherein the first turbo- charger is a 
low pressure turbo-charger and the second turbo-charger is a 
high pressure turbo-charger. 

11. An internal combustion engine as claimed in claim 10 
wherein the valve operating means increases flow of exhaust 
gas to the high pressure turbo-charger and thereby air flow 
through the high pressure turbo- charger to the second inlet 
valve during periods of acceleration of the engine. 
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12. An internal combustion engine as claimed in claim 10 or 
claim 11 wherein the valve operating means with increasing 
engine speed and/or load increases flow of exhaust gas to 
the high pressure turbo-charger and thereby flow of charge 
air through the high pressure turbo- charger to the second 
inlet valve. 

13. An internal combustion engine as claimed in any one of 
the preceding claims wherein the valve operating means 
comprises an electro-hydraulic actuator individual to each 
inlet valve and each exhaust valve and controlled by an 
electrical controller to vary operation of the valve and 
thereby the turbo -chargers having regard to changes in 
engine operating conditions. 

14- An internal combustion engine substantially as 
hereinbefore described with reference to and as shown in the 
accompanying drawings. 
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(10); first (A) and second (B) inlet valves controlling flow of air into 
the combustion chamber; first (C) and second (D) exhaust valves; 
and first (16) and second (18) turbochargers. The first turbocharger 
(16) is connected to the first inlet valve (A) and the second 
turbocharger (18) is connected to the second inlet valve (B). The first 
turbocharger (16) is connected to the first exhaust valve (C) and 
receives only combusted gases expelled via the first exhaust valve 
(C). The second turbocharger (18) is connected to the second 
exhaust valve (D) and all combusted gases expelled via the second 
exhaust valve flow to the second turbocharger (18) without passing 
through the first turbo-charger (16). The first inlet valve (A) and first 
exhaust valve (C) are controlled independently from the second inlet 
valve (B) and the second exhaust valve (D). 


